Introduction
Gleen Glass, a small production glass company that creates countertops, was selected for the Technology Assistance Program through Pacific Northwest National Laboratory. Gleen Glass was seeking material property analysis comparing glass as a countertop material to current surfaces (i.e. marble, granite and engineered stone). With samples provided from Gleen Glass, testing was done on granite, marble, and 3 different glass surfaces ("Journey," "Pebble," and "Gleen").
Glass surfaces created by Gleen Glass are made from recycled industrial glass into countertops and sinks. There is not a lot of literature available on glass as a countertop material, but it has the potential to be a viable recycled material in commercial and residential locations. The glass surfaces are very attractive and can help buildings that install them qualify for LEED certifications. The glass surfaces were found to have a lower density, lower water absorption, and are stronger in compressive and flexural tests as compared to granite and marble. The glass surfaces failed in thermal shock tests when objects with a high thermal mass are placed directly on them, whereas marble and granite did not fracture under these conditions.
The glass surfaces with their current composition are not an ideal for a location where high thermal masses could be placed on them; as in a kitchen. However, they are an excellent option in bathrooms and commercial spaces due to their extremely low permeability to water and consistent visual design.
Material Testing
A series of material tests were completed to quantify the properties of glass surfaces to marble and granite. The three surfaces produced by Gleen Glass are; "Gleen," several sheets of glass layered with variations in opacity fused together; "Journey," a clear, colorless solid glass; and "Pebble," many circular discs are fused together in the kiln creating circular/ellipse opaque patterns in the glass matrix. The granite was a tan natural stone with an epoxied surface, and the marble was a polished white marble slab. 
Density
Geometric density measurements were taken of all of the samples with consistent sample size. The glass surface, "Journey," had the lowest density, followed by "Gleen," "Pebble," granite, and marble. Results are shown in Figure 2 . 
Water Absorption
Water absorption tests were done over two different time intervals. An initial 1-hour test was completed, as well as a 96-hour test to determine saturation absorption. The glass surfaces absorbed much less water than the granite and marble samples. Results are shown in Figure 3 . 
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The procedure for measuring water absorption was as follows:
 Samples were initially dried in an oven for 36 hours.
 When cooled, they were weighed to determine dry mass. Measurements were also taken at this time.
 Samples were boiled in deionized water (DIW) for approximately 1 hour.
 Samples placed in the boiled DIW and placed in desiccators under vacuum for approximately 2 hours.
 Cloth was dampened with fresh DIW. Samples removed from DIW and "dried" with dampened cloth.
 Weighed to determine wet mass.
Water absorption was determined by finding the amount of water absorbed divided by the initial weight and multiplied by 100, as in ASTM C 97. The weight percent of sample absorbed was also determined by the amount of water absorbed divided by the dry mass. Wet mass was taken 96 hours (after soaking in water) later to determine the saturated water absorption. The calculations to determine absorption were made in the same manner as the 1 hour samples. fluctuations in absorption for the glass surfaces, absorption less than 0.1% are within experimental error and can be considered impermeable.
Compression Tests
Compression tests were performed on all 5 samples following the guidelines of ASTM C 170. Samples were tested twice due to limited amount of material. Results of the testing are shown in Figure 4 .
The glass countertop materials were the strongest in compression and the Pebble glass failed at just under 90 ksi. Marble preformed the worst in the compression tests, failing at less than 5 ksi in both tests. For purposes of compression on these materials; the glasses preform the best. 
Flexure Testing
Flexure testing via a 4-point bend test was performed on all of the samples following the guidelines of ASTM C 1161. Due to the limited amount of sample, the tests were done in duplicates only. The loading rate was at 0.2 mm/minute (0.008 in/min). Results of the testing were that the clear layered glass, "Journey" performed the best; breaking at 65 and 71 psi. The marble and granite samples broke considerably lower; multiple times below the detection limits. Figure 5 shows a setup of the flexural test apparatus, and Figure 6 shows the best represented strength and strain values from each set of samples. 
Thermal Shock Tests
Thermal shock tests were performed in a manner that would closely represent a typical kitchen situation with very hot, high thermal mass, materials; as requested by Gleen Glass. Tests were done on small scale samples as well as larger bulk samples. The small samples were 2.54 cm 3 (1 inch) cubes, and large sample dimensions are listed in Table 1 . The procedure was as follows:
 Leave samples room temperature on an insulating material (such as cardboard)  Heat a metal bar up to 176°C, 232°C, 287°C, 371°C (the equivalent of 350°F, 450°F, 550°F, and 700°F) in a furnace for 15 minutes  Take the bar out with tongs and place on top of the countertop sample for 2 minutes  Let the sample cool down for an hour between shock treatment Results of the thermal shock tests are shown in Table 2 and Figures 7 through 22. Surrounding cracks were present prior to thermal shock test. 
Conclusion
Glass materials are a viable option for countertops in a similar environment to the natural stone alternatives. The glass samples were much more sensitive to thermal shock, but had a much greater resistance to water absorption as well as surface bacterial growth (Sónia et al.) discovered from a brief literature search. The glass samples had a much higher capability for stress and strain loading compared to the natural stone alternatives in the flexure and compressive testing. The clear layered glass, "Journey," performed the best; breaking at 65 and 71 psi. The marble and granite samples broke considerably lower; multiple times below the detection limit. Since the glass surfaces are stronger than granite or marble in the flexural tests; they would be applicable to island overhangs, and potentially cantilevered edges with some under mount support.
The largest weakness of the glass countertops seems to be their sensitivity to thermal shock; the sample, "Journey," broke immediately upon high thermal mass being applied. All the cracks induced by thermal shock were substantial in terms of countertop strength after the crack was created, as well as aesthetically displeasing. The resistance to thermal shock on the glass samples could be improved upon with chemical formula modifications to the glass. Until the glass surfaces are compositionally modified, they are not an ideal for a location where high thermal masses could be placed on them; as in a kitchen. However, they are an excellent option in bathrooms and commercial spaces due to their flexural strength, extremely low permeability, and consistent visual design.
